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4/F, 16, Lane 21, Road Guang-Hui, Taipei 116, Taiwan, China
Abstract
We make comments on Link’s [Phys. Rev. Lett. 102, 131101 (2009)] paper. It seems to us that
the role of vortex core was neglected by Link during his calculation. However, the vortex core is
crucial to the interactions between the vortex and random lattices.
PACS numbers: 97.60.Jd, 26.60.-c, 47.37.+q, 97.60.Gb
1
Link just investigated the dynamics of a superfluid vortex in a random potential, as in the
inner crust of a neutron star [1]. He claimed that : A correct description of vortex motion in
the inner crust requires the inclusion of two additional forces: (1) the local, nondissipative
component of the force exerted on the vortex by the lattice and (2) the elastic force of
the vortex [1]. However, as the present author checked, the vortex self-energy Tv (tension,
cf. Eq. (4) in [1]) for an excitation of wave number k is not correctly used in [1] (we shall
describe the details below considering the vortex-core regime as well as either pinning energy
per unit length and pinning energy per pinning site [2]).
The other remark is about the derivation of Eq. (4). As mentioned in [1] : The force per
unit length exerted on the vortex by the lattice has a nondissipative contribution f0 and a
dissipative contribution taken here to be the drag force of Eq. (2) with η′ = 0, assumed to
hold locally, and approximated as linear in the local vortex velocity (but easily generalized).
The present author likes to remind the readers that by assuming the Beltrami condition [3-4]
to be valid in Eq. (2) then the second term in the right-hand side of Eq. (2) will disappear
(because ν ‖ v; ‖ means ’ is parallel to’). There is no need to presume η′ = 0 in Eq. (2)!
In fact, Link solved
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where u is the displacement vector of the vortex w.r.t. the z-axis and the nuclei are ran-
domly placed at locations rj in planes separated by a and parallel to the x-y plane (cf. the
explanation for all notations above in [1]).
Meanwhile the statement By t=103, the vortex has damped to a stationary pinned configu-
ration with bends over a characteristic length scale of 10a. is of doubt since, once we take a
look at Fig. 3 of [1], we cannot read out a value around 10a from only the x-z plane. As Link
neglected quantum effects on the vortex motion and thermal excitations (cf. page 2 of [1])
then it is natural to compare Link’s presentation with those based on the framework of the
semiclassical approximation (cf. [2]). Unfortunately we cannot find out the contributions
of vortex core [2,5-7] from [1]. This lets us cast doubt about the applicable range of Link’s
approach.
The other issue is about the presentation in [1] (say, e.g., Figs. 2 and 3) extracted from the
2
numerical simulations : The vortex-free region [7] (relevant to the dynamics of the vortex
as well as the effective range of the vortex core) is not identified in [1] and this will influ-
ence the calculated results for the dynamics of a vortex [7]. To be specific, considering an
ideal fluid with the vorticity concentrated on a smooth curve γ [8], the vortex core should
be regularized by a value ≃ (length(γ))−1/2 [8]. To keep the circulation constant, its value
changes as the product between the core and the length of the curve (γ) is constant [8]. Not
to mention the stability issues and others relevant [9-10].
The final remark is about the local deformation induced by the moving vortex (cf. [7,10])
upon the (random) lattice (consisting of 103 nuclei per zone [1]). This issue was neglected in
[1] and the resulting effects were underestimated in the numerical calculations in [1]. This
latter issue is also crucial to the vortex pinning (w.r.t. the local lattice) site!
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